ABSTRACT We studied 109 consecutive patients with variant angina who underwent cardiac catheterization over an 1 1 year period. All patients were followed for at least 6 months or until death, and 46 patients (22 treated medically and 24 treated surgically) were followed for 5 years or more. Of the 62 patients initially treated medically, 14 had nonfatal myocardial infarctions (12 within 1 month of catheterization) and 12 died (six within 6 months). Survival 
PATHOPHYSIOLOGY AND NATURAL HISTORY-VARIANT ANGINA medically treated patients. 6 Because of the small numbers of patients available for study, it has not previously been feasible to identify the important independent variables associated with survival with the use of multivariable methods (e.g., the Cox regression model). Finally, it remains unclear whether groups of patients with and without significant fixed coronary obstructive disease can be distinguished on the basis of clinical information obtained noninvasively. Consequently, many authorities currently recommend that all patients with variant angina undergo diagnostic cardiac catheterization.''}02
In this report, we study three specific aspects of variant angina. First, we describe the long-term clinical outcomes in 109 consecutive patients. Second, we examine the important variables associated with prognosis in this population. Finally, we examine the problem of predicting the presence or absence of significant coronary disease in this population with the use of noninvasively obtained clinical characteristics.
Methods
Study patients. The study group was drawn from all patients undergoing cardiac catheterization for suspected coronary artery disease at Duke University Medical Center between January 1972 and December 1982. Patients with valvular or congenital heart disease, except those with mitral regurgitation secondary to coronary artery disease, were excluded. Specific criteria for entry into the study were: (1) history of chest discomfort at rest (2) accompanied, on at least one occasion, by transient ST segment elevation occurring either spontaneously or after intravenous ergonovine and (3) no evidence of acute myocardial infarction after the pain. Of the 6281 patients eligible for the study, 109 (2%) met the specific entry criteria and form the basis of this report.
Baseline data collection. The computerized information system used in this study has been described previously. 11 Baseline information was collected prospectively at the time of cardiac catheterization. The variables examined in the present study consisted '9 -20 were then used to test the added prognostic importance of each variable after adjusting for the linear score. This process provided a statistical test for the adequacy of the weights in the linear score as applied to the variant angina population. We also tested whether independent prognostic information was provided by the presence of anterior ST segment elevation with pain. Predictive ability of the model was evaluated by comparing the mean predicted survival probability for each interval of follow-up with the observed survival experience.
Because of the small number of follow-up events, no attempt was made to identify inmportant prognostic variables in the surgical group. Furthermore, an evaluation of the effect of therapy on prognosis was not attempted because of the large number of imbalances in baseline characteristics between the medically and surgically treated patients and the snmall number of patients in each group.
The distribution of baseline characteristics in patients with and without significant coronary disease was compared with either the chi-square test or the Fisher exact test for discrete variables and the Wilcoxon two-sample rank-sum test for continuous variables.
Because of the small number of subjects in the population. it was not considered feasible to develop a multivariable model for predicting the probability of significant coronary disease in patients with variant ancina. Instead. we approached the problemii by using the same indirect analysis strategy described above for prognostic modeling. As described elsewhere.' we have developed and validated a logistic regression model for predicting the probability of significant coronary artery disease in patients with chest discomfort. The model contains nine noninvasive descriptors: type of chest pain, previous myocardial infarction, electrocardiographic ST-IT changes. age. sex, and certain cardiovascular risk factors. We applied this model to the 109 patients with v ariant aneina to determine how well it characterized this specific group. The appropriateness of the diaenostic weight assigned to each variable was assessed as desciribed above. We also tested whethler independent predictive informatiOnl was provided by the presence of effort angina, progressive or preinfarction angina. or anterior lead ST segment elevation with pain.
The model was then used to predict the probability of significant coronary artery disease for each of the 109 patients with variant angina. Two components of the model's predictive accuracy were examined: reliability and discrimination. 'Reliability' is a measure of the aoreement between the model's predictions in selected patient subgroups and the observed prevalence of disease in those subgroups. The predictive reliability of the model in the variant angina population was evaluated by ordering the model's predictions from highest to lowest and grouping them into four quartiles of equal size. The mean probability of coronary artery disease for each quartile was then calculated, and the results were compared with the mean prevalence of disease in the same quartile. Discrimination' is a measure of the models ability to gener-ate two separate populations of predictions: a low set of predictions for patients without significant disease and a high set for those with disease. The discrimination of the model was evaluated by comparing the model predictions for patients with variant angina with and without significant coronary artery disease.
Results
Prognosis for medically treated patients. In the group of 62 medically treated patients, 14 Prediction of significant coronary artery disease. Table   2 lists the baseline characteristics of the 85 patients with variant angina and significant coronary disease and the 24 patients without significant coronary disease. In the group with significant disease there was more men (p = .007) and the members tended to be older (p = .05). Approximately 80% of patients presented with an acceleration of their anginal pain pattern. However, patients with significant coronary disease were much more likely to present with preinfarction angina (p = .001). Also, diagnostic Q waves were seen on precatheterization electrocardiograms more frequently in the subjects with significant coronary disease (p = .04).
The important predictors of the probability of significant coronary disease in variant angina were not significantly different from those previously identified in our larger coronary disease population. After adjustment for multiple comparisons'2 none of the additional variables tested (i.e., progressive angina, preinfarction angina, effort angina, anterior ST segment elevation with pain) added independent predictive information.
The reliability of the model is demonstrated in table 3, which compares the model probability estimates with observed prevalence of coronary disease in the variant angina population. Overall, the mean model prediction of the probability of significant coronary disease was close to the mean observed prevalence. The model was very reliable when it predicted a high probability of disease (quartiles 2 to 4), but was less reliable when it predicted a low probability of disease (quartile 1) .
The ability of the model to distinguish between patients with variant angina with and without significant coronary disease is demonstrated in figure 6 . The median prediction for the patients without significant disease was 0.52 and that for the patients with disease was 0.89. Only 4% of patients without coronary disease received a model prediction of 0. 10 or less. In contrast, 49% of patients with disease received a predic- tion of 0.90 or greater. Thus, the model failed to achieve enough discriminating power in this population to allow accurate identification of the majority of patients without significant coronary artery disease.
Discussion
The survival characteristics of our 62 medically treated patients are similar to those reported by Severi et al. 4 New York Heart Associand death in the first 3 to 6 months after being referred to a tertiary care center for evaluation. In our population, 93% of nonfatal infarctions and 83% of deaths during follow-up occurred in patients with significant coronary disease. The remainder of the events occurred in patients with insignificant (%50%) fixed disease, and none of the 10 patients with completely normal coronary arteries had a followup event. Severi et al. reported that 97% of nonfatal infarctions and 92% of deaths in their study were in patients with significant (-50%) coronary disease. In the series of Waters et al., 73% of myocardial infarc-1. The fact that variant angina was found to be an important independent prognostic factor in our medically treated coronary disease population, as reported previously, 15 indicates that patients with variant angina have a significantly higher probability of death and nonfatal myocardial infarction during follow-up than do coronary disease patients who do not have variant angina, if other prognostic factors are held constant.
Our experience with surgically treated variant angi- 26 These results are in contrast to earlier reports that suggested a poor response to surgery in small groups of subjects." 27 It should be emphasized that we have avoided making any direct comparison of prognosis in medically and surgically treated patients. Such an analysis would require that all important prognostic factors be accounted for before the effect of treatment on outcome coud be examined. As previously noted, our patient population was not large enough to permit us to do this.
Having identified the presence of coronary disease as the single most important prognostic variable in medically treated patients with variant angina, we sought to determine if there were specific noninvasive characteristics that could distinguish between patients with and without coronary disease. In previous studies28 30 the variables most frequently associated with the absence of significant coronary disease have included female sex, absence of effort angina, and inferior lead ST segment elevation with pain. In our series, subjects without coronary disease were younger, more often female, more likely to have stable or progressive rather than preinfarction angina, and less likely to have diagnostic Q waves on their resting electrocardiograms. We did not find the prevalence of effort angina or inferior ST segment elevation with pain to be significantly different in the two groups. It is clear from the accumulated data, including that from our series, that there is no consistent single variable or small group of variables that permits clinical discrimination between these two disease states.
The failure to achieve adequate separation of patients by considering baseline characteristics one at a time or in small subgroups led us to postulate that our results could be improved by considering multiple characteristics simultaneously with a multivariable regression model. The model we used was fairly reliable in the variant angina population, particularly when it predicted a high probability of disease. Furthermore, it distinguished fairly well between groups with and without significant coronary disease. However, it still did not accomplish the clinical goal of accurately identifying individual patients with variant angina without significant disease. The implication of this result is that, at present, cardiac catheterization is required for accurate prognostic stratification of these patients. 
